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Structural stability analyses, based on available information, indicate
that this dam is marainaily stable under normal loading conditions and is
unstable when subjected to severe loading conditions (such as flood flows or
ice loading). Seepage noted under and through the structure, creating wet,
soft areas along the downstream toe along both ends of the dam, advers1y

ffect the stability of the structure. =

Using the Corps of Engineer's Screening Criteria for the 1nit1
of spillway adequacy, it has been determined that the structure woulgbe . ,
overtopped by all storms exceeding 45% of the Probable Maximum Floqd- (PMF). : )
Stability analyses indicate that the dam is unstable when subjected to over- : (
topping. A dam break analysis performed for this structure indicates that ‘
an overtopping induced dam failure would significantly increase the hazard
to Joss of life downstream of the dam from that which would exist just '
prior to failure. Therefore, the spillway is adjudged as “seriously inade-
quate" and the dam is assessed as "unsafe, non-emergency".

Immediately upon receipt of this notificat1on, a system for providing
around-the-clock surveillance of the dam during periods of unusually heavy
precipitation should be developed and implemented. An emergency action
plan for the notification of downstream residents should also be developed. :

It is recommended that within 3 months of the date of notification of P
the owner, investigations into the deficiencies on this structure should be :
commenced. Studfes of the structural stability and seepage problems, includ-
ing subsurface and structural explorations are necessary. Information
obtained should be incorporated into a detailed stability evaluation.
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may he obtained from
the 0Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available
data and visual inspections. Detailed investigation, and analvses
irvolving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation 1s intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditious,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected and only through continued
care and maintenance can these ccnditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity and
serves as an aide in determining the need for more detailed hydrologic
and hydravlic studies, considering the size of the dam, its general
condition and the downstream damage potential.
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NATIONKEABEMISEEEQBTPROGRAM

Name of Dam: Churchtown Dam (I.D. No NY 79)
State Located: New York
County: Columbia
Watershed: Lower Hudson River Basin
Stream: Unnamed tributary of
Taghkanic Creek
Date of Inspection: October 29, 1980
ASSESSMENT 3o
I
N Visual inspection of this dam and engineering analyses which have been L
performed revealed that several serious deficiencies exist with this 4
structure. 3

Structural stability analyses, based on available information, indicate
that this dam is marainally stable under normal loading conditions and is
unstable when subjected to severe loading conditions (such as flood flows or
ice loading). Seepage noted under and through the structure, creating wet,
soft areas along the downstream toe along both ends of the dam, adversly
affect the stability of the structure.

Using the Corps of Engineer's Screening Criteria for the initial review
of spillway adequacy, it has been determined that the structure would be
overtopped by all storms exceeding 45% of the Probable Maximum Flood (PMF).
Stability analyses indicate that the dam is unstable when subjected to over-
topping. A dam break analysis performed for this structure indicates that
an overtopping induced dam failure would significantly increase the hazard
to loss of life downstream of the dam from that which would exist just
prior to failure. Therefore, the spillway is adjudged as "seriously inade-
quate" and the dam {s assessed as "unsafe, non-emergency".

T~~> Immediately upon receipt of this notification, a system for providing
around-the-clock surveillance of the dam during periods of unusually heavy
precipitation should be developed and implemented. An emergency action
plan for the notification of downstream residents should also be developed.

It s recommended that within 3 months of the date of notification of
the owner, investigations into the deficiencies on this structure should be
commenced. Studies of the structural stability and seepage problems, includ-
ing subsurface and structural explorations are necessary. Information
obtained should be incorporated into a detailed stability evaIuatio?%




Additional hydrelogic/hydraulic investigatiens are alsc neecded to find a
method to correct the <pillway inadenuacy. Thece studies should be per-
formed in a conjucticn with the stability analyses to determine the proper
miticating measures needed in responce to the <eriously "inadequate <pill-
way" assessment, Remedial measures deemed necessary ac a result of these
investiqgations should ke completed within 18 months,

Dther deficiencies noted on this structure should also be corrected
within 12 manths. Amenqg the actions required are repairing deteriorated
concrete on the structure, removing trees, brush and vines qrowing on the
dam and at the downstyrean toe and wabing the valve on the 18 inch reservoir
drain pipe operable.

Georae Koch
Chief, Dam Safety Section
thew York State Department
of Envircnmental Conservation
NY License No, 45937

Approved By:

Col. W. M. Swith Jr.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
CHURCHTOWN DAM
I.D. No. NY 79
#228A-1009
LOWER HUDSON RIVER BASIN

COLUMBIA COUNTY, NEW YORK

SECTION 1: PROJECT INFORMATION

1.1

1.2

GENERAL

a. Authorit

The Phase I inspection reported herein was authorized by the Department of
the Army, New York District, Corps of Engineers, to fulfill the requirements
of the National Dam Inspection Act, Public Law 92-367.

b. Purpose of Inspection
This inspection was conducted to evaluate the existing conditions of the dam,

to identify deficiencies and hazardous conditions, to determine if these
deficiencies constitute hazards to life and property, and to recommend remedial
measures where required.

DESCRIPTION OF PROJECT

a. Description of Dam

The Churchtown 1s a cyclopean masonry dam with an overflow spillway near the

center of the structure.

The dam is 425 feet long and a maximum of 44 feet high. The crest width of
the dam is 5 feet. The spillway section is 43 feet long with a crest eleva-
tion 3.8 feet below the top of the dam. There are provisions for flashboards
across the spillway section but none are presently in place.

There is a gate house on the crest of the dam which contains the control
mechanisms for four gates. One of these gates controls flow through a 16
inch water main leading to the chlorination plant. This gate is the only
one operated regularly.

There 1is an 18 inch blowoff pipe through the base of the dam which was
intended to act as a reservoir drain., However, the gate which controls flow
through this pipe is reported to be inoperable.

i
i
4
3
i
:

b. Location

s dam s located on Reservoir Road in the Town of Taghkanic. It is
approximately 3/4 mile south of the Village of Churchtown and 1 1/4 miles
east of Glenco Mills,

¢. Size Classification

s dam 1s eet high and has a storage capacity of 308 acre-feet.
Therefore, the dam is in the intermediate size category as defined by the
“Recormended Guidelines for Safety Inspection of Dams".
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d. Hazard Classification

The dam is classified as "high" hazard due to the presence of several houses
downstream of the dam, as well as the damage which a dam break might cause
near the Village of Glenco Mills.

e. Ownershi ‘
This dam is owned by the City of Hudson, New York. Mr. Charles Butterworth, ’

Superintendent of Public Works, was contacted concerning the inspection.
His address is 520 Warren Street, Hudson, New York 12534. His phone number
is (518) 828-9458.

f. _Purpose of Dam
This dam impounds a reservoir used for water supply by the City of Hudson.

%ﬁ Design and Construction Histor

Ts dam was constructed in 1008 by Hurd, Sherman & Company, Contractors.

Mr. Cornelius C. Vermuele of New York designed the dam and provided construc-
tion supervision. Mr. H.E. Bishop, a former Chief Engineer of the Hudson
Water Works also assisted in the design.

Leakage through the structure became a problem soon after the construction.
This problem was studied in 1912 by Johnson and Fuller, Consulting Engineers,
of New York and by Robert Horton, Consulting Hydraulic Engineer, of Albany.
Further studies were performed in 1914 by Nicholas Hill, Consulting Engineer,
of New York. He made recommendations and prepared plans for the repair of

the structure. This work was performed in 1914 and consisted of the construc-

tion of a 6 inch thick reinforced concrete cutoff wall on the upstream face
of the dam.

The leakage again reached unacceptable levels in 1957. The owner engaged
Barker and Wheeler, Consultants, of Albany to make necessary investigations,
plans and specifications for repairs. It is believed that these repairs
were made and the leakage was reduced.

h. Normal Operating Procedures
There are no prescribed operating procedures for this structure. Water
is withdrawn from the reservoir as required by the owner.
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‘ 1.3 PERTINENT DATA
‘ a. Drainage Area (acres) 683
f
) b. Discharge at Dam (cfs)
‘ Spi1iway at Maximum High Water 758
(without flashboards)
?. Spillway 2t Maximum High Water 508
- (with flashboards) )
c. Elevation (Plan) (USGS)  (Field) |
' Top of Dam 423 428 +3.8 !
lr._ Spiliway Crest 420 425 0 j
1 d. Reservoir-Surface Area (acres) f
! Top of Dam 18 T
f Spillway Crest 15 !
f e. Storage Capacity (acre-feet) ’
i Top of Dam 308
K Spillway Crest 251 )
f. Dam ’
Type -~ Cyclopean masonry (concrete containing boulders at least 8 cu. ft.
: in size); Constructed in sections 50 feet long by 3 foot high. |
] Dam Length (ft) 425
; Crest Width (ft) 5 '
. Spillwa !
iype: Ungated, concrete overflow weir located near center of dam; Provisions l
for up to 1 foot of flashboards (2 inch pipes, 4 foot on centers) 5
3
| Length: (ft) 43 §
h. Low-Level Qutlets 3
Type: 16 inch water supply pipe; 18 inch blow off pipe i
Control: Valve Control mechanisms located in gate house; ) 2
Valve for 16 inch pipe operable, valve for 18 inch pipe is :
inoperable. §
i. Appurtenant Structures-Gatehouse
Brick Structure on crest of dam; contains control mechanism for 4 gates;
only one of which is operated regularly.
v 3
!
i
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SECTION 2: ENGINEERING DATA

2.1 GEOTECHNICAL DATA

2.2

2.3

2.4

2.5

a. Geolo

The Cﬁurcatown Dam is Tocated near the boundary of the Hudson lowlands
physiographic province and the Taconic uplands physiographic province of

New York State. The Hudson Towlands 1s an area 15 to 20 miles wide near the
Hudson River which is underlain by weak sedimentary rocks. The lowlands in
this vicinity have a narrow inner valley with a conspicuous terrace and
gently rolling hills and ridges beyond this terrace. Rock underlying the
Taconic uplands include limestones, sandstones and slates altered by fault-
ing and folding. These mountains merge into the gently rolling hills at

the edge of the Hudson lowlands. The surficial sofls and features of the
area are the result of glaciations during the Cenozoic Era, the last of which
was the Wisconsin glaciation.

A review of the "Brittle Structures Map of the State of New York" indicates

that there are no faults in the immediate vicinity of the dam: There is a
high angle reverse fault approximately 1/4 mile west of the dam.

b. Subsurface Investigations

No records of any subsurface investigations performed in the vicinity of
this structure could be located.

DESIGN RECORDS

No records from the original design of this structure were available. However,

reports prepared both in 1912 and 1914 provided some information about the
original design. The leakage problem caused concern for the stability of the
structure and so these reports reviewed the structural stability computations
performed by the designer, Mr, C.C. Vermuele. Further stability analyses
were also performed by the engineers who prepared these reports, Mr. Nicholas
Hi11, who prepared the 1914 report, also designed modifications needed to
repair the leakage. Plans for these modifications were available.

CONSTRUCTION RECORDS

The 1912 and 1914 reports as well as a 1905 magazine article (Engineering
Record-April, 1905; see Appendix C) provide the only construction records

available. These sources provide some information about the dam's foundation

and about the concrete used in the structure.

OPERATIONS RECORDS

Water level readings for this reservoir are taken only when the water level
drops below the spillway crest.

EVALUATION OF DATA

Data used for the preparation of this report was obtained from the Department
of Environmental Conservation files and from the City of Hudson's Department
of Public Works. The information available appeared to be reasonably accurate.

3




SECTION 3: VISUAL INSPECTION
3.1 FINDINGS

a. General

Visual inspection of the Churchtown Dam was conducted on October 29, 1980,

The weather was overcast and the temperature was around 45 degrees. The

water level at the time of the inspection was 0.1 feet above the spillway

crest. .

b. Dam

The visual inspection of the dam revealed a number of deficiencies on this
structure. The most serious of these was seepage noted along the downstream
toe on either side of the spillway. On the right side of the spiliway,
there was seepage and a soft area which extended for a distance of about 30
feet along the toe. The ground was very soft in an area which extended out
about 15 feet from the toe. There was concentrated seepage noted at only
one point but the total volume observed indicated that there was more than
just one source of concentrated seepage. On the left side of the spillway,
seepage was emerging from the downstream face of the dam. There was a wet
area which extended for approximately 50 feet and covered the lower third
of the downstream face. A soft wet area was noted out and away from the
downstream toe on this section as well., This area extended from a point
near the abutment where the seepage commenced over to the outlet channel

of the spillway, a distance of about 150 feet.

RETENRY SPAW R T R SO
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Overall concrete deterioration was evident on this structure. There was
spalling and surface cracking of the thin layer of concrete which covered
the downstream face. More substantial structural cracking was noted on
the upstream face at the right abutment. There was also concrete removal
in]%his area. Spalling concrete was noted along the crest of the dam as
well.

There was brush growing along much of the downstream toe of the dam. Some
brush and vines were actually growing out of the downstream face. There
were also vines growing along the upstream face at the left end of the dam,

c. Spillwa

There was deteriorated concrete on the spillway. Several small voids

were noted on the downstream face. There was significant concrete removal

on the walls at either end of the spillway section which separate it from

the nonoverflow segment of the dam. There were no stop logs in place at

the time of inspection, but 2 inch diameter pipe supports, 4 feet on centers,
were in place.

d. Low level Qutlets

The Tow Tevel outlet consists of a 16 inch diameter pipe loading to the
chlorination plant downstream of the dam. The gate valve controlling

flow through this pipe is operated regularly. The remaining 3 gates whose
control mechanisms are located in the gate house are not regularly operated.
The gate on the 16 inch pipe is closed and the pipe s cleaned once each
year. Therefore, this gate is operable and the valve can be closed tightly.
The gg%e on the 18 inch blow off pipe at the base of the dam was not
operable.
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t ; e. Appurtenant Structures-Gatehouse

The gatehouse structure on the crest of the dam was in satisfactory condition.
|
3.2 EVALUATION OF OBSERVATIONS

2.

5'

Visual observations revealed several deficiencies on this structure. The
following items were noted:

1.

Seepage appearing on the donwstream face of the dam, at the
downstream toe and beyond the toe.

Concrete deterioration on the non-overflow section including
spalling, cracking, and some concrete removal,

Deteriorated concrete on the walls separating the spillway section
from the non-overflow section.

Trees, brush, and vines growing on the dam and at the downstream
toe.

The valve on the 18 inch blow off drain pipe was not operable.
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SECTION 4: OPERATION AND MAINTENANCE PROCEDURES

4.1

4.2

4.3

4.4

PROCEDURES

Water is withdrawn from the reservoir as required. The valve on the 16 i
pipe leading to the chlorination plant downstream of the dam is fully clo:
once a year, and the pipe is cleaned, No leakage occurs through the valv:
during the shutdown. Water level readings are taken daily, when the pool
drops below the spillway crest. No water level records are kept at other
times. There are provisions for flashboards on the spiliway but they

are no longer used.

MAINTENANCE OF DAM

]
/

Normal maintenance is performed as required by the City of Hudson's Depar:
of Public Works. Information in the files indicate that several times sii
its construction more substantial repairs have been required on this stri
Repairs were made in 1914 and again in 1957 to reduce the seepage throughi

dam,

WARNING SYSTEM IN EFFECT

EVALUATION

POy Ry O S S

No apparent warning system for evacuation of downstream residents is pres

»

-

3
The operation procedures for this dam are satisfactory. Increased mainte:
efforts are needed to repair the deficiencies noted in Section 3.

|




SECTION 5: HYDROLOGIC/HYDRAULIC

5.1

5.2

e e TR

5.3

5.4

5.5

DRAINAGE AREA CHARACTERISTICS

The delineation of the contributing watershed to this dam is shown on the
map titled "Drainage Area Map - Churchtown Reservoir Dam* (Appendix C).

The irregular but somewhat ovalshaped east-west oriented watershed of some
683 acres is comprised of r_latively underveloped lands consisting of open
farmland and forests. Slopes; are moderate to steep with the hilltops rang-
ing from 200 to 400 feet in elevation above the reservoir. There are no
other major bodies of wat - within “he watershed.

ANALYSIS CRITERIA

The analysis of the flood water retarding capability of the dam was per-
formed using the Corps of Engineers HEC-1 computer program, Dam Safety
versfon, and data provided by the report titled “Lower Hudson River Basin
Hydrologic Flood Routing Model” (Appendix C, ref, 4). The computer
program develops an ivflow hydrograph using the "Snyder Unit Hydrograph"
method and then reservoir routs the hydrograph using the “modified Puls"
flood routing procedure. The spillway design flood selected for analysis
was the Probable Maximum Flood (PMF), in accordance with the Recommended
Guidelines of the U.S. Army Corps of Engineers. The PMF event is that
hypothetical storm event resulting from the most critical combination of
rainfall, minimum soil retention, and direct runoff to a specific site
that is considered reasonably possible for a particular watershed.

SPILLWAY CAPACITY

The 43 foot long single, ungated, concrete overflow weir is located near

the center of the dam. Although provisions for flashboards exist, they were
not in place at the time of inspection. Spillway flashboards, 12 inches
high, have been used in the past. However, during flood events, the
spillway capacity would be decreased if such flashboards remained in place.
The spillway was analyzed for weir flow using a discharge coefficient, C,
varying from 3.10 to 3.42. The computed discharge capacity of the spillway
is 758 cfs and 508 cfs with flashboards.

The flood analysis performed for this dam indicates that the spillway with-
out flashboards does not have sufficient capacity for discharging one-half
the PMF. For this storm event, the peak inflow is 896 cfs and the peak
outflow is 887 cfs. The PMF peak inflow is 1792 cfs and the peak outflow
is 1783 cfs.

RESERVOIR CAPACITY

The normal water surface is at or near the spillway crest (elev, 425).

The impounded capacity for this elevation is 251 acre-feet. Surcharge

¢ tarage capactty to the top-of-dam (elev. 428,8) adds 57 acre-feet which

15 equivalent to a direct runoff depth of 1.0 inch over the watershed. The
total storage capacity is 308 acre-feet.

FLOODS OF RECORD

The date of occurrence of the maximum flood is not known. However, for
the Claverack Creek/Taghkanic Creek watershed in which this dam is located,
a maximm discharge of 4960 cfs was recorded downstream of the site on

8
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June 30, 1973. The flow gage had a contributing area of 60.6 square miles.
Although no flow gage exists for the dam site, a preciptation recording
gage does exist. The hourly rainfall amounts for this storm event are
included in Appendix C.

OVERTOPPING POTENTIAL

Analysis using the PMF and one-half PMF storm events indicates that the dam
does not have sufficient spillway capacity. The computed depths of overtop-
ping for these two events are 0.81 feet and 0.18 feet respectively. All
storm events exceeding 45% of the PMF will result in the dam being overtopped.

EVALUATION

The spillway capacity is inadequate for the peak outflow from one-half PMF
and the structural stability analysis indicates the dam could fail during
this same storm event. Therefore, a dam-break analysis, assuming a breaching
of the dam, was performed. The analysis indicates that water surface levels
downstream of the dam could reach depths which would pose a significant
danger to residents. That is, dam failure resulting from overtopping would
significantly increase the hazard to loss of life downstream from the dam
from that which would exist just before an overtopping failure. Therefore,
the spillway is adjudged as"seriously inadequate" and the dam is assessed

as "unsafe, non-emergency".
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SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations

sual i1nspection of this structure revealed several deficiencies which
affect the stability of this structure. There was seepage emerging at
the toe of the dam on the right side of the spillway. This seepage caused
a soft area beyond the toe which was about 30 feet long. On the left side
of the spillway, seepage was emerging from the lTower third of the downstream
face in an area which extended for approximately 50 feet.

b. Data Review and Stability Evaluation

Information reviewed include two reports which contained independent
stability analyses performed for this structure. These reports were prepared
in response to the seepage problems on this dam. They stated that the
original design assumed no uplift pressure beneath the dam, no fce load, and
a water level at the spillway crest. Both reports indicated that when appro-
priate factors were taken into account, the dam was only marginally stable.
The conclusion of both reports was that the uplift pressure had to be

reduced to achieve adequate factors of safety. The construction of the 6
inch thick cutoff wall in 1914 was intended to eliminate the seepage.

———————

A stability analysis was performed for this report in accordance with the
*Recommended Guidelines for the Safety Inspection of Dams", This analysis
assumed full uplift pressure on the upstream face decreasing to the tailwater
( pressure at the downstream face, and an ice load of 5000 pounds per linear
foot. The analysis was based on a cross section of the dam shown in the

1905 magazine article (See Appendix C). Separate analyses were performed

assuming a failure %1ane along the dam's foundation and through the middle
of the structure. The results are as follows:

«—— Full Dam Section Failure Through Middle of Dam
Resultant | S1iding fOverturning] Resultant |S1iding
Overturning in Safety [Safety Fact*r in Safety
Case Safety Factor ! Middle Third Factor Middle Third Factor
' a. Normal conditions;
water surface at 1,29 NO 1.05 2.08 YES 1,39

spillway crest.

b. Case a plus an

ice load of 5,000 1,11 NO 0.96 1.27 NO 0.94
#/ft.

c. 172 PMF flow; _ ‘

water surface 0.18 1.08 . i NO 0. 87 1.46 NO 0.91

| feet over top of dam

| d. PMF flow; water

surface 0.81 feet NO 0.84 1.40 NO .
over top of dam 1.06 0.8

e. Normal con-
ditions with

seismic co-effi- 0.81 1.96 YES .98
4 cient of 0.10. 1.20 Ne
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These analyses indicate that the dam is marginally stable under nor?ﬁl
conditions and would be unstable under severe loading conditions, e

sliding safety factor under these conditions falls below 1.0 for both
failure planes analyzed. The fact that this structure has remained in
place since 1904 indicates that the actural safety factors may be higher
than those calculated. Hence, the structure must be considered as

being only marginally stable.

Further investigations are required to better assess the stability of the
dam. Subsurface explorations and concrete cores, to obtain information
about the condition of the structure and the uplift forces are required.
Accurate cross sections of the dam should also be obtained. Stability
analyses should then be performed using this data. Based on the results
of these analyses, required modifications to the structure should be
made.

c. Seismic Stabilit
This structure is Jocated in Seismic Zone 2. A seismic stability analysis

was performed for both failure planes, assuming a seismic coefficient of
0.1. The results of this analysis (shown on page 10) indicate that the

safety factors against sliding are below 1.0 when seismic considerations
are included.




SECTION 7: ASSESSMENT/RECOMMENDATIONS
7.1 ASSESSMENT

a. Safety

e Phase I inspection of the Churchtown Dam revealed seepage under and
through the structure. Seepage was noted on both downstream sides of the
spillway. There were soft areas which extended for more than 30 feet along
the toe on either side. This seepage adversly affects the stability of
the structure.

The inspection also revealed that the stability of this structure is
questionable. Analyses performed indicated that the structure is only
marginally stable under normal Tloading conditions and is unstable when
subjected to severe loading conditions (such as flood flows or ice loading)},

The spiliway capacity for this dam has been rated as seriously inadengate
since it is not capable of passing one-half the Probable Maximum Flood
without overtopping the dam. Stability analyses performed indicates that
under this loading condition the dam would be unstable. A dam break

analysis indicates that an overtopping dam induced failure would signif-
fcantly increase the hazard to loss of life downstream of the dam. Therefore,
the spillway 1s adjudged as seriously inadequate and the dam is assessed as
unsafe, non-emergency.

b. Adgguacx of Information
e Information which was available for the preparation of this report

presented a fairly complete history of the structure. Sketches and plans

which were available were design documents and did not reflect modifications

made during construction. For this reason, some dimensions shown on the

p}ans did not agree with field measurements made at the time of the inspec- :
tion. 3

c. Need for Additional Investigations
Further investigations of the structural stability and the seepage problems

on this dam are required. The studies should include subsurface and struc-
tural investigations to obtain information about the condition of the struc-
ture and its foundation. This data should then be incorporated into a de-
tailed stability evaluation.

ot v 057 1 e YR e
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Additional detailed hydrologic/hydraulic investigations are also necessary
to correct the spillway discharge capacity inadequacy. These studies
should consider the site specific characteristics of the watershed, such
as additional surcharge storage capacity both within the drainage area and
at the dam. These studies should be performed in conjunction with the
stability analyses to determine the proper mitigating measures needed in
response to the seriously inadequate spillway capacity.

d. Urgenc
| !nvestigat*ons of the structural stability and seepage problems should be
commenced within 3 months of the date of not{fication of the owner, A
detafled hydrologic/hydraulic investigation should be commenced within 3
months. Remedfal measures deemed necessary both as a result of these
investigations and to correct the other deficiencies noted should be com-
pleted within 18 months.

1 12
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7.2° RECOMMENDED MEASURES

—

B Brirs i testnan

|

1.
2.

3.

Modify the structure as necessary, based on the stability anmalysis.

Take mitigating actions as necessary, based on the hydrologic/hydraulic
investigation.

Eliminate the seepage coming under and through the dam.

Repair deteriorated concrete on both the spiliway and the non-overflow
section.

Remove trees, brush and vines growing on the dam and along the downstream
toe.

Make repairs to the 18 inch reservoir drain pipe to make it operable.

Develop an emergency action plan for the notification of downstream
residents.

13




APPENDIX A

PHOTOGRAPHS




Upstream Face of Dam, Right End

Crest of Dam at Right End
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Cracks and Veids in Concrete on Upstream Face
at Right End of Dam
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Downstream Face at Left End of Dam; Dark

Area at Base is Seepage

Close - up

of Seepage at Base of Left
End of Dam
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Downstream Face at Right End of Dam; Seepage
Emerging at Base
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View From Crest Looking Down on Seepage
at Right End of Dam
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Spillway Crest with Provisions for
Flashboards

Deteriorated Concrete Wall at Left End of Spillway
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Deteriorated Concrete on Wall at Right
End of Spillway; Note Brush Growing on Downstream Face

Deteriorated Concrete on Downstream Face

of Dam
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APPENDIX B ;

VISUAL INSPECTION CHECKLIST
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VISUAL INSPECTION CHECKLIST

1) Basic Data
a. General
Name of Dam CNU&cuTvsz DRW\
Fed. I1.D. = 79 DEC Dam No. 228A- (0019

River Basin LowER HUQSON

Location: Town (AGHMAN/IC county __Cosumara

Stream Name

Tributary of (AGCHM A (¢ CRggK

Latitude (¥) 42° 9.8’ Longitude (w) 73° 93.27

Type of Dam CoNGRETE CCPcLopénN mASOMRVB

Hazard Category —
Date(s) of Inspection |Q/Z‘f/80

(]
Weather Conditions QVERCAST ‘/5

/7
Reservoir Level at Time of Inspection 3.7 BCLOUJ Tee OF 0'4#\.

S . LTI

b. Inspectior “ersonnel R. L \WJARREN DER W.C. LYNickh

c. Persons Contacted (Including Address & Phone No.)

CuARLes BRuTreRUIGRTH

Corr o Hussen berr oF Rugeic Works

520 Warren ST

HOASQN, N’ 28 3Y (SISX ¢ 28-94958

d. History:
Date Constructed lqo‘f Date(s) Reconstructed l‘l (4
1957

Designer _CaRN&ECIVS Vznu\ueaé lNéu.\ Yo i

Constructed By Huro, Syerman ¢ Company ConxTrAcTIRS

owner _ S T¥ o¢ HQQS%{




93-15-3(9/80)

(1) Erosion at Contact

(2) Seepage Along Contact

R 3) Drainage System
a. Description of System _AonE

PR —

v b e n A be e

b. Condition of System

¢. Discharge from Drainage System

4) Instrumentation (Momumentation/Surveys. Observation Wells, Weirs,
Piezometers, Etc.)

None_




e e = — vy =T

93-15-3(9/80)

5) Reservoir

a. Slopes LK)QOQEB¢ rORES""fh To £psE

b. Sedimentation _ Nenrg RPPARENT

c. Unusual Conditions Which Affect Dam Nen€

6) Area Downstream of Dam

a. Downstream Hazard (No. of Homes, Highways, etc.) | Home ¥ Coupnrv Rares

[ Miie Downsrream = Severae Nomes /n Leewce Mices

b. Seepage, Unusual Growth Seeppce & SorT Seats QUMA Bevonsd

Qown ¢ToEAm (O£

c. Evidence of Movement Beyond Toe of Dam Now&

d. Condition of Downstream Channel SNT‘/SF‘A CTARY

7) Spillway(s) (Including Discharge Convevance Channel)
Siwece Overelow SECTion = Lowlevee Ppes - 16 new 1S OPERABLE

a. General OATedovse Cousamrna ConTre, Mrcuanism €or Y Garas

QNLY | cr Wyren Is QperAsLE ! locntio_ ﬂdzrwc;,vv— o
rd

OVERCLOM §5¢‘rm/u- 16 ,nek P/PZ Lephs 7o CI(QQRWAT/M/

Peany - Cane AeT As Rfseevmg ARA/AI
OvERECOW

b. Condition of Swemime Spillway - Some& CQNCRETE Qe"‘ERtoeA?.oA{
ON Dowr\zsv‘mm &cé. ConcreTe Basey de7eriaraTen
on Waces  SEPARATING SPiewArY FRowm Moy OveRFrow
SecrioN

2" Ppes - 1 on CoanTar Acrass SPrecway Cwarnse
CAN Be Usepn To SopparT EiP Frzasw BoARDS




- 44
w

93-15-3(9/80) ’

c. Condition of Auxiliary Spillway

|
1]
d. Condition of Discharge Conveyance Channel BAC.KUMT&"&Q CREQT&Q f
RY Roap CuryeaT

| 8) Reservoir Drain/Outlet - WATER SouprrLy Pipe Ts ChcorinaTion Bu.cosng L

Type: Pipe 4 Conduit Other

Material: Concrete Metal ' Other

Size: 16 /N CH Length
Invert Elevations: Entrance Exit
Physical Condition (Describe): Unobservable
Material:
Joints: Alignment

Structural Integrity:

Hydraulic Capability:

P o . o L T o YN

Means of Control: Gate __V Valve Uncontrolled : ‘
Operation: Operable z Inoperable Other

Present Condition (Describe): QEA?'E CAOSG'Q PEAQLV ?‘ '
Cire |s Clteanen




92-15-3(9/80)

9) Structural

a. Concrete Surfaces 0\/Efvl RLL gfﬂé_é NG ¢ bﬁ TER'OR AT /0N

Siqarercans  Sease 6 _oc Concrere  Acang CresT

b. Structural Cracking Cracxs [N o, Lﬂ‘/éQ dF C°N$R€7£ ON [)cw.w"

Staemm  Faceg— Vinves ¢ Boysk Growmg oN €hck
CAUS/M_Q Soms bf'ﬂf_&lo&ﬁ*zo&l

¢. Movement - Horizontal & Vertical Alignment (Settlement)

Neoen&

d. Junctions with Abutments or Embankments 9AT'SEAcTeRrY - Mo Séfﬁﬁ_é
Noten [N Thess Areas

e. Drains - Foundation, Joint, Face N ANE

f. Water Passages, Conduits, Sluices _Ux O R SERVARLE

g. Seepage or Leakage LE€T Siag o€ sPlgswﬂ?‘S{eﬂnsi t‘V’ﬂBou; Gravnd =
47/ Len§-Comnig TWReygH EAcE - Wer SorT Areh Bevons Toe Asawr 757Cons

Risur Sine - Seepass Sammns Beweatas ddm -Sraotins 6¢7
From AsuTment WeT Aesa Exrenps 327 € 157 8uT Foam
D.S. Tog- ARea s Vagpr Seer 7o WALK ON,




33-15-3(3/80)

h.

P.

Joints - Construction, etc. SUR.FICML DWER [ORA T7QA

Pkoengu MoRre SUB‘?‘AMT/AL DeTER I srAT 0N BENEATN

Tnt SvReacs LavaR o ConNcRETE

Foundation

Abutments SA T/IcCACTARY

Control Gates J OP£RALCE - Con7TRALS (€7 Line To CtorinATION
PLanT R /NOPERARLE

Approach & Outlet Channels _ Ao '4PP4/C,48L5

Energy Dissipators (Plunge Pool, etc.) sA ISEACTARY

Intake Structures /(VoT Q8seruen

stability _Na VisvAe Evipence o Movemenr

Miscelianeous _BRosh ¥ Growmis AT Dowwns TREam Tos & on Face

SeygrAc TREGS GRowng 00T oF Face Vines
CRowAs_ouT_of FAce




93-15-3(9/80)

10) Appurtenant Structures (Power House, Lock, Gatehouse, Other)

a. Description and Condition
GAT= NOUSE - Brick Burcb/ne on CReEsT- Con7ANS
Canteor Nechrnism Sor 4 CATES
Buiimng (N Goan CanDITION

11) Operation Procedures (Lake Level Regulation):
ELasgpoprig  Now LomseR Yses Regormery

Waver Leyess /v ReservaR TAksn o8 Do, v
WHen Warer Levee Draps  Betow  SPrcway
CRrResT.

Brusy /n TA/U«MTER ,QQEA (s PRouvTianesy
Ceopred (N Twa gumm_[Q

LM e e S e =




APPENDIX C

HYDROLOGIC/HYDRAULIC
ENGINEERING DATA AND CCMPUTATIONS
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1)

3

4)

5)

1)
2)
3)
6)
5)
6)
7)

8)

AREA-CAPACITY DATA:

Top of Dam

Design High Water
(Max. Design Pool)

Auxiliary Spillway
Crest

Pool Level with
Flashboards

Service Spillway
Crest

DISCHARGES

Average Daily

Spillway @ Maximum High Water

Spillway @ Design High Water

Spillvay @ Auxiliary Spillway Crest Elevation kléﬁ

Low Level Outlet

Total (of all facilities) @ Maximum High Water

Maximum Known Flood

At Time of Inspection

33-15-4(3/€c)

CHURCHTOWN  RESERNOIR

NY - 79

CHECK LIST FOR DAMS 1
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA
(RELATWE)

Elevation Surface Area Storage Capacity
(ft.) (acres) (acre-ft,)
3.8 - 308

__N.,&._

—N/A
1.0
0.0 15 351

Volume

(c£s)
__NA
__15%

158 NO FLASHBOARDS

—NA
4

| 0 o rm e el e A LA S e b RN Y S
G e W EN e




CHURCHTOWN,  RESERNOIR

NQ- 79
RELATNE
CREST: LEVATIO 2.8
Type: CONCRETE WEIR
Width: __(p' Length: _ 383’
Spillover _ CONCRETE - SINQLE wWEIR
Location NEAR CENTER OF DAM
SPILLWAY:
SERVICE S
0.0 s
S et e wER Type N/A
o' Width
Type of Control
./ Uncontrolled

Controlled:
FuAeneonDd PIPE SUPIORTS

EX\ST * NO &gu&g% Type
Flashboards; gate)

H L Number
0— 2.9/, 39.6°,
29— 3.3 43 .0 @M/Length

Invert Material

Anticipated Length
of operating service

N/A Chute Length
’QO' Height Between Spillway Crest
& Approach Channel Invert
(Weir Flow)

93-15-L(3/€0?
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CHORCHTOWN 3
HYDROMETEROLOGICAL GAGES: RESERNOIR  NY-T9

Type : _RECORDING RAIN GAGE éNQAA npEX W \43:5)
Location: _NEAR DAM

Records:

Date -

Max. Reading -

FLOOD WATER CONTROL SYSTEM:

Warning System: N/A

14

Method of Controlled Releases (mechanisms) :

"

A | - {

_GATE HODSE

1S REQULARLY o?eaneo.

FRom  ENGINEERING - RECORD
AP\ 1905

pa 37

[ — «————— RESERNOIR HIGH WATER LENEL

4.75

¢ wheE

————————

R s

-

a'

T o 16" CAST IRON
- & W __/_——-mw‘&g RT . AfELIE TO
T — F aTy |

1® BLOW-OFF ’

BENEATH GATEWOVSE)
CAN_DRAIN RESERNOIR, DR
il

O
p———

NTLLTUN A
93-15-4(9/€0)




CHURCHTOWN  RESERNOIR

Ng-T9 .

DRAINAGE AREA: 1.067___5Q Mi. oR 083 ACRES

DRAINAGE BASIN RUNOFF CHARACTERISTICS:

Land Use - Type: _UNDENELOPED - OPEN FARM FIELDS ¢ &E@Iﬁ

Terrain ~ Relief: Mgﬁgm o) SIEEP SLOPES °  HILLTOPS M%ﬁ 200 JO 400
ABONE RESELOIR
Surface - Soil: M

Runoff Potential (existing or planned extensive alterations to existing
(surface or subsurface conditions)

NJA

L4

Potential Sedimentation problem areas (natural or man-made; present or future)

NJA

Potential Backwater problem areas for levels at maximum storage capacity
including surcharge storage:

_NONE  APPARENT

Dikes - Fioodwalls (overfiow & non-overflow ) - Low reaches along the
Reservoir perimeter:

Location: #A '

Elevation: ;

Reservoir: %
Length @ Maximum Pool £5Q’ X 0.95 (Miles) E
Length of Shoreline (@ Spillway Crest) (Miles)

33-15-4(3/€c)




THE ENGINEERING RECORD.

The New Gravity Water Works at Hudson,
N. Y.

A storage reservoir and pipe line have just been
completed at Hudson, N. Y., which furnish that
city with a gravity supply from a caichment area
adjoining the area at the vpper end of the Roeliff
Jansen Kill, on the east side of the Hudson River,
which has been under consideration as a probable
source of supply for New York City. Hudson
is located on the east bank of the Hudson River,
and the municipal water supply was formerly
pumped from that stream to two open slow sand
filters on a hill above the city. After passing
through the filters the water flowed by gravity
to a 3,200,000-gal. clear water reservoir on the
same hill at an elevation of 310 {t. above the river
and 175 ft. above the business portion of Hudson,
and from this reservoir through the distribution
system. ,

One of the filter beds and the clear water reser-
voir were designed and built in 1874 by Mr. J.
B. G. Rand, and the second bed was built in 1888,
Both beds and the clear water reservoir have con-

P

APRIL - 1905 Vor. 51, No. 13. %70

that in order to procure the daily supply a part
of the river water would be pumped directly from
the river into the reservoir. The conditions at
the intake in the river also became unsanitary.
The intake was about 800 fr. down-stream from
the outlet in the river of one of the mamn sewers
of the town, and 300 ft. upstream from another
main sewer outlet, with a difference in level in the
river of about 4 ft. between high and low tide
The river receives the sewage of Aibany, Troy
and several other cities before reaching the in-
take, and this, added to the local conditions, ren-
dered the Hudson liable at all times to cause an
epidemic of water-borne diseases

After considerable investigation of the feasibil-

ity of constructing a new piant to filter the river -

water and of laying pipe lines to convey a sap-
ply from other available sources to the city, it
was decided to sbandon the old pumping station,
erected in 1374, and to bring water from the
Taughkanick Hills, which are about 13 miles
from the reservoir on the hill above the city.
The new supply is drawn from Claverack or
Taughkanick Creek, about 15 miles from ity
mouth in the Hudson River. The catchment area

Construction View at the Dam Showing Contractor’s Plant.

erete bottoms, with their side slopes paved with

. quarry-faced granite blocks lsid in cemest mor-

ter. The first bed built is 330 ft square, and the
other one is irreguisrly rectangular, 200 ft. long
by 250 ft. wide at its brosd end, built to fit the
available area. The combined sand srea of the
two beds is about 32,000 sq. ft, and their com-
bined capacity under normal conditions of opera-
tion was formerly 1,500,000 gal in 24 hr.

The raw river water, which is heavily charged
with sediment at certain seasons of the year, was
pumped directly on the filters, as a settling basin
which appears to have been included in the
otiginal design was never built Although the
surface of the sand beds was scraped several times
each year, the sand had never been renewed, with
the result that the capacity of the beds became re-
duced 10 about $00,000 gal. in 24 hr., and their ef-
ficiency was siso grestly diminished. During the
winter months the heavy ice which formed on

- the water in the beds rendered scraping them a

diffcult operstion, which at times became impes-
sible. The sand would then decome so clogged

First Lt of Forms for the Congrete of the Dam,

above the intake is about 50 square miles in ex-
tent, made up of mountainous country, which is
sparsely inhabited and comparatively free from
liability of dangerous conmtamination.

The new pipe line is of cast iron, sad has been
designed to carry 3000000 gal. in 24 hr. The
bed and banks of the creek at the intake are
solid rock, and a channel, 8 ft. wide at bottom
and § ft. deep below the surface of the water in
the creek at its normal stage, has been cut acroas
in the bed of the creek at a slight up-stream angle.
The intake is a concrete box, 6 ft. square in plan
by to ft. deep, built in the rock of the creek bank
at the lower end of the channel blasted out of the
bed of the stream. The bottom of the intake .is
about 6 ft. below the bottom of the channel, and
its side on the stream face was omitted above the
channel bottom and a movable sereen of vertical
iron rods plsced across the opening. The autlet
to the pipe line is a 16-in. cast-iron pipe provided
with a scteen at its open end in the intake and
with & gate valve just outside the intake. A 13-
in. can-iron pipe blowoff, provided with a gate

¥ WP SRy VTP Y DUV VAR
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: . the site down to this found:

APRIL 1, 1903, .
valve, is placed near the bottom of the intake.

The t3-mile pipe line has two sections, Lrst a 3-
mile length, ending in a storage reservoir built o
connection with the agueduct, and, second, an 8-
_mile length, leading from this reservoir to the dis-
tributing resecvoir which was formerly used for
a clear-water basin for the fiters. The first 2
miles of the line from the intake on the creek are
16-in. pipe in two weights, one about 1,250 ib. and
the other about 136u lb. per 12-ft. length, de-
pending oa the depth of the Line below the hy-
draulic grade line. The remainder of the frst §
miles is 12-in. pipe in two weights, one 1,030 lb.
and the other 1,200 ib. per 12-ft. length. A 12-in.
pipe could have been used for all of the first §
miles, but as the grade of the pipe, as it is laid,
rises about t3 it above the hydraulic grade line
near the end of the 16-in. pipe, pipe of that size
was used in the first 2 miles and a cut, 800 ft.
long, with a maximum depth of jo ft. in hard-
pan, was avoided

The storage reservoir in which the pipe from
the intake terminates was made by building an
overflow gravity-section masonry dam, 50% ft long
on the crest and 44 ft in height near the center,
across & narrow valley with steep sides. The dam
develops a site which has 2 drainage ares of 1%
square miles tributary to it, and provides an 83,-
000,000-gal. reservoir, covering a little less than
13 acres. The reservoir has ghrupt banks on all
sides, and with the exception of an ares of about
34 acre at one end, submerged oniy 4 ft., it will
have a2 depth of 20 10 34 ft The surface of the
site was practically free from vegetation and or-
ganic matter, and was underlaid at a depth of a
few inches with gravel, so the only preparation

- that was necessary was to plow the surface to a
depth sufficient to turn the light top soil under
the gravel. This was done over the whole area to
an elevation of about 4 ft. sbove the fow line, and
8o trouble is anticipated from tastes or odors in
the water due o organic matter.

Although the whole dam was designed as an
overflow structure, the 4o-it. spillway buiit in it

_toward the north end is considered capable of
passing any flow that may reach the reservour. The
dam is built on solid rock, which lies ar a depth
of from 5 ft to 13 fr. below the onginal ground
surface, and construction was begun by stripping

In the d
ings for the dam it was thought that rock lay
within 2 ft. to 4 ft. of the surface, but when the
top soil was stripped, what was considered rock
in the soundings was found to be a very dense

- hardpan, from 3 ft to 12 ft. deep, overlying the
rock ledge.

In suaking the excavation for the dam the top
soil was first thrown back on either side by hand.
A guyed derrick was thea set up at the different
points of the deepest cutting, and the excavated

0,

-« material spoiled below the site of the dam or

hauled out of the trench in wagons, until a $s0-
ft. Lidgerwood cableway was erected longitu-

< dinally seross the site.  After the cableway was in

" place all spoil and concrets were handled in buck-
ots on it. The smail stream which formerly lowed
across the site caused some trouble and had to be
kept out of the trench by cofferdams on one or
two occasions, but ususlly the work was com-
paratively dry,

While the t wis in prog 3 stone
crusher built by the Acme Road Machine Co., and
8 1-7d Ransome concrete mixer were set up ad-
Jarent tn the hoisting engine and head tower of
the cablewsy st the south end of the dam. The
Crusher was ftted with an elevsting conveyor
c'hkh delivered the broken stons to a bin over the
Mmixer. The bin was fitted with a hopper messus-
Ing-box, which discharged into the mixer. The
send and cement were also defivered gn an ele-
vated platform over the mixer built in connection
with the stone din. A go-h.p. verticsl bailer sup-

" THE ENGINEERING RECORD.

plied steam during the first part of the work, but
later a 150-hp. horizontal boiler was placed in
2 brick setting near the crusher and mixer, and
furnished steam for all of the contractor’'s plant
during the greater part of the dam construction.
The dam was built in so-ft. sections, with a
tongue and groove tar joint between the sections.
As soon as the rock in the foundation had been
stripped it was roughly leveled, and then the
trench was completeiy filled with concrete to a
sufficient depth to bring it level The first lift
of the forms was then erected, and the construc-
tion of the dam proper begun. Altermnate so-ft.
sections were built at the same time. After the
first lift of the forms had been filled, 2 3-ft. layer
of concrete was placed in one section on one day,
then permitted to set a day while 3 3-ft. layer was
placed in an alternate section, after which another
3-ft. layer was placed in the first section, and so
on. The surface of each layer was thoroughly
brushed and cleaned, then wet and covered with
a thin coat of 1:2 Portland cement mortar before
the next Jayer was placed. This method of lay-
ing the concrete was followed in order that the
forms might be built without exterior braces to
hold them in place, and could be kept in position

3 SN
o NN
= e csnen

Cross Section of Dam through Spillway.

by transverse rods between the sides of the sec-
tions and by the curvature of the front face of
the dam, the lower forms being removed as the
concrete received its set. No leaks are apparent
at any of the horizontal joints, and only a slight
demarcation is apparent between any of the layers.

The concrete used in the dam was mixed quite
wet in the proportion of 1 part of Hudson Port-
land cement, 2.8 parts sand, and $35 parts broken
stone, these proportions having been found to give

a slight excess of fine materisl A suitable sand

was not pr bie in the vicinity, 50 a bank was
opened about 3 miles from the dam. The sand
from it was found to contsin from 6 to 8 per
cent. of loam. Thorough tests were made to dis-
cover, if possidle, the effect of the presence of
the loam; as good results were obtained in these
tests, the sand was used. The best stone available
were the glacial bowiders which had been used
in building stone fences in the vicinity, and after
2 considerable quantity of these had been used
a quarry of trap rock was opened about ¥ mile
from the dam, and stone from it used in the con-
crete to complete the work. In the early part of
the work the broken stone was screened, but the
greater part of the concrete was made with
crusher-run broken stone, in which the largest
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_with labor at $1.350 per day, but exclusive of the

cement, was a little more than $3.63 per cubic
yard The 1.1 bbl. of cement used per cubic yard
cost §t.29 at a railroad station 4 miles from the
dam, and that amount was hauled to the site over
3 pike road for 274 cents, making the total cost
of the concrete $5.17 per cu. yd The concrete
was laid at the rate of 150 cu. yd. per day under
sormal coaditions. Seventy-seven working days
were consumed in building the forms and placing
tbe concrete; and 146 days elapsed irom the time
ground was broken on the dam excavation until
work on the dam was stopped on account of
severely cald weather, with all but about 200 yd.
of the concrete in place.

The 12-in. pipe of the line frore the intake on
the creek passes along the south end of the dam
and the south side of the reservoir to an outlet
about 6 ft. above the bottom near the upper end
of the reservoir. A 6-in. branch on this pipe is
laid from the dam toward the center of the res-
ervoir where a half-bend was inser-ed, and the pipe

“built up to a point above high-water level. This

branch will be used as an aerater ii the water
from the creek should need aeration at any time
Water may be drawn from the reservoir

tF-ough either of two 16-in. outlet pipes in the -

36x18-ft gate chamber that is bui.t in connection
with the dam. One outlet pipe has its center line
4 ft. 9 in below the high-water level in the res-
ervoir, and the other bas its center line 21 ft be-
jow that level Both pipes discharge through
screens in the wall of a transverse chamber in the
gate chamber into an outlet chamber which is con-
wmected by an 18-in. outlet to the pipe line to the
cty. An 18-in. blow-off is laid through the dam
beneath the gate house, and the reservoir inay be
drawn dry through it. Ail the outlet pipes are
controlled by hand-operated gate valves. -

The inlet to the reservoir and the outlet from
it are connected by a by-pass permitting the res-
ervoir to be entirely cut out of the system. An

" overflow is built in this by-pass, with its discharge

at the same height as the high-water level in the
teservoir, in order that the pressure on the main
leading to the city may not exceed that due the
head of water in the reservoir.

The 82,000,000~gal. capacity of the reservoir is
about equal to ¢§ days’ maximum consumption in
the city. The normal consumption is 1,500,000 gal.
per 24 hr., whicn is about 130 gal per capita per
day. The catchment ares directly tributary to the
reservoir site has given an average flow during
the past two years of 1,200,000 gal. per 24 br., with
the rainfall from 3 to 6 in. below the normal, and
the minimum flow to be expected from thiy area
for any extended time is taken to be 730,000 gal.
per 24-hr. The pipe line {rom the intake ca the
creek to the reservoir has been designed for a
carrying capacity of 2,225,000 gal. in 24 hr., and
the line from the reservoir to the city for a ca-
pacity of 3,000,000 in 24 hr. The depth of water in
the reservoir, the excess of the supply over the de-
mand and the depth below the surface at which
water is fed into the reservoir are beligved to pro-
duce sufficient currents and change of water to
prevent any possibility of stagnation.

The pipe line from the reservoir to the city is of
16-in, cast-iron pipe in three weights, ranging from
1,330 to 1,675 b per 12-ft. lergth. No unusual
difficulties were encountered in laying this part of
the line nor in the line above the reservoir. The
minimum depth of trench was about § ft, and this
depth was maintsined throughout the grestest part
of the route. About 6 per cent. of the trench way
wet, but no sheeting was required, and the water

pisces did not exceed 334 in in their g di-
mension.

About 7.500 cu. yd. of concrete were required in
building the dam. The sctual cost of mixing snd
plhicing the concrete, including the materials ob-
tained as described, and the cost of the forms

e T d with diaphragm pumps. Consider-
sble rock cutting was required in making the
trench, and two Ingersoll-Sergeant snd three
Rand steam drills were used ia making the blast
holes. Two creek crossings were made One of
them presented no difficult conditions, and the
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pipe was laid 3 ft below the bed of the stream.
Coarse gravel was encountered at the other cross-
ing, and pipe with flexible joints was used to
avoid punmiping and building cofferdams.  Air
valves are placed on the pipe line at all summits
and blow-off pipes at all low points.

The 4,000 tons of pipe required in building the
pipe line and all of the gate and air valves and the
valve boxes were furnished by R, D. \Vood & Co,,
of Philadelphia, Pa. The contract for laying the
pipe and building the damn was let to Hurd, Sher-
man & Co., of Syracuse, N. Y.

The saving in the operation of the gravity sys-
tem as compared with the operation of the old
pumping plant, is about $10,000 a year, including
the salaries of three firemen and three engineers,
and an average of 145 tons of coal per month.
The estimated cost of rebuilding the old plant and
enlarging its capacity to 3,000,000 gal. per day was
$160,000, with an estimate life of the machinery in
the remodeled plant of 30 years. The cost of the
new works, including ali charges and construction
expenses will be about $270,000, with an estimated
life of from 6o to 75 years. .

While the average consumption of water per
capita per day in Hudson is comparatively high, it
will be difficult to reduce it to any considerable ex-
tent, owing to the peculiar conditions under which
the water works system is operated. The original
systemn was built under an act of the Legislature,
which required that the works be built and oper-
ated with money obtained by a tax on the property
in the city, and that water be furnished free for
domestic consumption to any person paying the
expense of installing a service connection. The sys-
tem is still operated under that act, so the only di-
rect income of the plant is the sale of a small per-
centage of the supply for commercial consumption,
and the only opportunity of reducing the consump-
tion under the present conditions is by metering
the service connections of commercial consumers.

The filters are at present out of commission, but
it is the intention to remodel them and filter the
water from the gravity supply, and plans are now
being prepared for the work. Mr. H. K. Bishop
is chief engineer of the Hudson water works and
the preliminary investigations, the design and con-
struction of the new system have been carried
out under his direct supervision, Mr. C. C. Ver-
meule, of New York, has been consulting engineer
on the design and construction of the system. Mr.
F. L. Getman was assistant engineer in charge of
the laying of the pipe line, and Mr. H. W. Lewis
was assistant engineer in charge of the construc-
tion of the dam.
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Copies of these guidelines may be obtained from
the Office of Chief of Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available
data and visual inspections. Detailed investigation, and analyses
involving topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the acope of a
Phase I Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditioms,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood should
not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity and
serves as an aide in determining the need for more detailed hydrologic
and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.
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APPENDIX D
STABILITY COMPUTATIONS

e W e LRl




STRUCTURAL STABILITY ANALYSIS CONDITIONS

1. Normal condftions; water surface at spillway crest.
2. Same as #1 plus ice load of 5,000 pounds per linear foot,
3. Flood flows -~ water surface at top of dam,

4, 1/2 PMF flow - water surface 0.18 feet above crest of dam.

i i ey

5. PMF flow - water surface 0.81 feet above crest of dam.

6. Normal conditions; with seismic coefficient of 0.1,
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ATt - A - R

STABILITY ANALYSIS PROGRAM - WORK SHEET

Fure Dam SeceTion)

INPUT ENTRY

ANALYSIS COMDITION

. . 1 2 3 4 5
Unit Weight of Dam (K/ft3) 0 =757
Area of Segment No. 1 (ftl) 1 220
Distance from Center of Gravity 2 2.1
of Segment Ho. 1 to Downstream
Toe (ft)
Area of Segment No. 2 (ft2) 3 Y4724
Distance from Center of Gravity 4 (22
of Segment No. 2 to Downstream
Toe (ft)
Area of Segment No. 3 (ft2) 5
Distance from Center of Gravity . 6
of Segment Na. 3 to Downstream
Toe (ft)
Base Width of Dam (Total) (ft) 7 24,2
Height of Dam (ft) 8 44
Ice Loading (K/L ft.) 9 50
Coefficient of Sliding 10 066
Unit Weight of Soil (k/ft3) IR R B Sl
(deduct 18) n 085
Active Soil Coefficient - Ka 12 .33
Passive Soil Coefficient - Kp 13 3.0
Height of Water over 14 -
Top of Dam or Spillway (ft) 5.8 398 |6l
Height of Soil for Active Pressure (ft) 15 3.5
Height of Soil for Passive Pressure (ft) 16 3.0
Height of Water in Tailrace Channel (ft) 17  [3.0
‘Weight of water (K/ft3) 18 0.0624
SueAR ey Resic7AxiE 7 sz ,333
Area of Segment No. 4 (ft€) 19
Distance from Center of Gravity of
Segment No. 4 to Downstream Toe (ft) 20 ’
Height of Ice Load or Active Water (ft) 46 4q.2 x
(does not include 14) : I
Seismic Coefficient (g) 50
16,1
RESULTS_OF ANALYSIS | | |
1 ‘ .
Factor of Safety vs. Overturning Leg [GI0 o] [re8 Joe L2
i
Distance Fro® Toe to Resultant 6.8l [2.93 | 242 [2.23 |I65/v.59
Factor of Safety vs. S1iding .05 1096 }0.87 J0.87 b 081
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Crorcd Tawn Dam
ScALE [ 7= 50 /

SecTian TRFEN AT N painT™T
AND  SPiliwARY SeerioN

l(___g’ MippPovT ’ £ T 4 ‘
~ i Seament Ko, Aeen  UETRMELS IS
! |
- 22)= 110 12 ’
| ! A 5:2) ..
: N 2A, kGe\en=loys 63
i I
| \ !
N > i
‘ \ SeiciwAy SrsrancE T
! B Sgement Mo, ARE A CenTROIL

5(44) = 220 273

[ d
o

10.8\=130.2 /,

&
—

O

, @

e | ©) (0.5)(18 5y=1115 S
& L () (0852744 15
©

(14} (g 8)=1215 71




STABILITY ANALYSIS PROGRAM - VIORK SHEET

SeiLLory SeCTioN
INPUT_ENTRY

ANALYSIS CONDITION

g 6

Unit Weight of Dam (K/ft3) 0 3 L 2 2 4
Area of Segment No. 1 (ft2) 1 220
Distance from Center of Gravity 2 273 i
of Segment No. 1 to Downstream
Toe (ft)
Area of Segment No. 2 (ft2) 3 (32
Distance from Center of Gravity 4 FANEN
of Segment No. 2 to Downstream
Toe (ft)
Area of Segment No. 3 (ft?) 5 199,5 |
; SRR 1 T — e -4
f Distance from Center of Gravity . 6 1,8
: of Segment No. 3 to Downstream i
Toe (ft) J
' !
' Base Width of Dam (Total) (ft) 7 247 :
i Height of Dam (ft) 8 0.2
Ice Loading (K/L ft.) 9 g :
: |
, Coefficient of Sliding 10 060 }
: Unit Weight of Soil (K/ft3) S e -
(deduct 18) n 055 g
Active Soil Coefficient - Xa 12 Q.33 :
Passive Soil Coefficient - Kp 13 3Q |
; Height of Water over 14 , q A :
| Top of Dam or Spillway (ft) 38 39¢ "6(‘1
f Height of Soil for Active Pressure (ft) 15 3 § |
L Height of Soil for Passive Pressure (ft) 16 (3,0 ;
T Height of Water in Tailrace Channel (ft) 17 '3 © ?
t " Weight of Water (K/ft3) 18 0627
,’ Area of Segment No. 4 (ft?) 19 744
Distance from Center of Gravity of
Segment No. 4 to Downstream Toe (ft) 20 15
Height of Ice Load or Active Water (ft) 46 “0.2
(does not include 14)
Seismic Ccefficient (g) 50 G
Suear Wey Resis7encE cg 0333 5
Arca Stom £ 2/ 1215
’ RESULTS OF ANALYSIS A,.:«,, . (;;’77. =5 >/ ; |
Factor of Safety vs. Overturning 80 1169 L6 1,59 Nhs7 L7é
Distance From Toe to Resultant 1966|1645 |16.60 |64 |sm Rzt
| Factor of Safety vs. $liding 364 323 1299 [297 |e#q 267
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STABILITY ANALYSIS PROGRAM - VIORK SHEET

‘ Farcore PLanvg N Midpyie oF Dam
INPUT ENTRY ANALYSIS CONDITION
Unit Weight of Dam (K/ft3) 0 0‘,'5 2 i 5; £ o
Area of Segment No. 1 (ftz) ] HO ’ 1
Distance from Center of Gravit_y. 2 2 ' : 'l’,
of Segment No. 1 to Downstream -
Toe (ft)
Area of Segment No. 2 (ft2) 3 Qw. S
Distance from Center of Gravity 4 (.3
of Segment No. 2 to Downstream
_ Toe (ft)
, Area of Segment No. 3 (ftz) 5
{ Distance from Center of Gravity —“6—*-—". I N A C
é %es?gr:?nt No. 3 to Downstream
| Base Width of Dam (Total) (ft) 7148
i Height of Dam (ft) 8 22
‘ Ice Loading (K/L ft.) 9 g
| . Coefficient of Sliding ) 10 .60 ‘
| “"2&5‘32%“?3‘)” sofl (WFtd) n .0sS
! Active Soil Coefficient - Ka 12 33
‘ Passive Soil Coefficient - Kp 13 3.0
el o Joter ety (o0 h 28 |38 e
Height of Soil for Active Pressure (ft) 15
Height of Soil for Passive Pressure (ft—)—blrm o o
Height of .Nater in Tailrace Channel (ft) 17
" Weight of Water (K/ft3) 18,0024
Area of Segment No. 4 (ftz) 19 - -
Distance from Center of Gravity of -
Segment No. 4 to Downstream Toe (ft) 20 s
Height of Ice Load or Active Water (ft) 46 !8: 2',“7 ) T o 1
(does not include 14)
Seisnic Coefficient (g) 50 o g
RESULTS OF ANALYSIS . |
Factor of Safety vs. Overturning _ 2.0% \,27 Hﬂ“_ [,f-{Q 140 ,qf;: ;
Distance From Toe to Resultant 6.95 {265 [1.08 1394 Bs4eeq |
Factor of Safety vs. Sliding (39 ) .99 Joaz |09 Joge 03¢
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